Characterization of Arabidopsis photolyase enzymes and analysis of their role in protection from ultraviolet-B radiation.
DNA photolyases are enzymes which mediate the light-dependent repair (photoreactivation) of UV-induced damage products in DNA by direct reversal of base damage rather than via excision repair pathways. Arabidopsis thaliana contains two photolyases specific for photoreactivation of either cyclobutane pyrimidine dimers (CPDs) or pyrimidine (6-4)pyrimidones (6-4PPs), the two major UV-B-induced photoproducts in DNA. Reduced FADH and a reduced pterin were identified as cofactors of the native Arabidopsis CPD photolyase protein. This is the first report of the chromophore composition of any native class II CPD photolyase protein to our knowledge. CPD photolyase protein levels vary between tissues and with leaf age and are highest in flowers and leaves of 3-5-week-old Arabidopsis plants. White light or UV-B irradiation induces CPD photolyase expression in Arabidopsis tissues. This contrasts with the 6-4PP photolyase protein which is constitutively expressed and not regulated by either white or UV-B light. Arabidopsis CPD and 6-4PP photolyase enzymes can remove UV-B-induced photoproducts from DNA in planta even when plants are grown under enhanced levels of UV-B irradiation and at elevated temperatures although the rate of removal of CPDs is slower at high growth temperatures. These studies indicate that Arabidopsis possesses the photorepair capacity to respond effectively to increased UV-B-induced DNA damage under conditions predicted to be representative of increases in UV-B irradiation levels at the Earth's surface and global warming in the twenty-first century.